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Switching Vacuum Arc in a
Pulsed Transverse Magnetic Field
Antoni Klajn
Abstract—An experimental analysis of the vacuum arc behavior
in a pulsed transverse magnetic field with amplitudes up to 120
mT and frequency of 900 Hz is presented in the paper. The
arc was produced between Cu contacts during the switching-
off operation of the current half-wave of amplitude 500 A and
frequency of 30 Hz, so that the circuit parameters had rather
moderate values which are easy to obtain in a vacuum switch.
The presented results are a part of work which aims to examine
the possibilities of using transverse magnetic fields to force a
current interruption in vacuum. The analysis was performed
using high-speed photography (2000 frames/s) and a shielded
Langmuir probe. The results obtained show that the plasma
movement and the displacement of the arc in the oscillatory
magnetic field proceed according to the Lorentz force acting on
ions. This arc displacement is in accordance with the retrograde
motion known from the literature, which is opposite to that
resulting from the Amperian force. Arc voltage increases of up to
about 80 V were observed during the magnetic field action, but
the current flow remained undisturbed.
Index Terms—Plasma motion, transverse magnetic field, vac-
uum arc.
I. INTRODUCTION
THE interaction between vacuum arcs and transverse mag-netic fields has been studied and reported in the literature,
theoretically and experimentally, by many researchers. Em-
tage, Kimblin et al. [1] have studied these problems for a
high voltage device and for currents from 6–15 kA, both
theoretically and experimentally, in the vacuum device with
a circuit connected in parallel with the main contacts.
They have described the effect of a large arc voltage increase
as a result of the plasma structure between contacts under the
influence of a magnetic field. However, the plasma structure in
the interelectrode space observed in [2] and [3] for arc currents
from 50–100 A is different to that presented in [1]. Fang [4],
[5] shows that, in a model of arc behavior in a transverse
magnetic field, both the arc velocity and the phenomenon
of retrograde motion depend on the magnetic field density.
Up to a certain value of the magnetic field density the arc
moves in the retrograde direction [4], [5], i.e., opposite to
that resulting from the Amperian force, and then for higher
field densities the direction of arc movement changes to the
Amperian direction. Thus, the movement of the plasma in
a transverse magnetic field reported in [1] can agree with
the Amperian force at strong magnetic field values [4], [5].
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Also a wide range of experiments with high current arcs
in magnetic fields presented in [6] and [7] shows relations
between arc voltage, arc glow regions, arc movement, and
magnetic fields. The study of the works mentioned here show
that a generalization of some phenomena can be sometimes
problematical because of particularities of the test circuits
used. For example, the current flow during the oscillatory
magnetic field action presented in [6] was not disturbed at all
while in [1], with similar values of the magnetic field density,
the current was interrupted. However, in [6] the contacts of
the tested vacuum switch were not connected parallel with any
circuit. Thus, a question in such circuits is to distinguish
between the role of the magnetic field and the role of the
parallel capacitor connected across the contacts [1], which
take over the arc charge during the commutation process.
For these reasons the peculiarities of the test arrangement
seem to be important for the results obtained. In order to
acquire a representation of these phenomena for a vacuum
switching device, which corresponds to a low voltage one, a
series of experiments was undertaken [8] and the presented
paper is a continuation of this work. Experiments reported in
[8] were concerned with observations of the vacuum arc in
the transversal magnetic field which was proportional to the
arc current. The arc movement agreed with the Lorentz force
acting on ions under the test conditions.
The paper presents results of an experimental analysis of
the vacuum arc behavior in a pulsed or oscillatory transverse
magnetic field. Parameters of arc current, contact arrangement,
and magnetic field values correspond to a relatively simple
switching device, adequate for low voltage circuits. The aim
of the work was to observe plasma parameters in order to
evaluate the possibility of using some phenomena to force a
current interruption in vacuum.
II. EXPERIMENTAL CIRCUIT
Experiments were carried out on the laboratory test ar-
rangement (Fig. 1), in which one can distinguish two circuits:
first, the circuit - - - - of the main arc current
and second, the circuit - - - - - of the current
to produce the magnetic field. The current sources in these
circuits were capacitors and , respectively. The main
current had the form of a half-wave with amplitude of 500A
and frequency of about 30 Hz, which was switched on by
the switch . This current was then switched off in the
vacuum chamber producing the vacuum arc between Cu
flat contacts of 20 mm diameter, opened mechanically with the
speed of 0.4 m/s. At a certain time instant during the arcing
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Fig. 1. Diagram of the laboratory test circuit: C; Cm—capacitors of the
main and magnetic circuits respectively, L; Lm—coreless coils of the main
and magnetic circuits, respectively, SV—switch, V C—vacuum chamber,
L0; L00—coreless magnetic coils, V D—voltage divider, S, S2—low induc-
tance shunts, and T—thyristor switch.
Fig. 2. Diagram and main dimensions, in mm, of the vacuum chamber with
the coils L0; L00 to produce the transverse magnetic field.
period, when the contacts reached a separation of about 3.5–4
mm, the current was switched on by the thyristor switch
and the magnetic field in the coreless coils and was
produced. The coils were mounted inside the vacuum chamber
(Fig. 2), and contacts were situated symmetrically in the
geometrical center between coils. The current of frequency
about 900 Hz and first amplitude of 800 A produced the
magnetic field of the same frequency and the first amplitude
of 120 mT. The value of magnetic field density inside the
interelectrode gap was measured earlier, using a teslameter, at
the opened vacuum chamber. The vacuum chamber was
evacuated to the pressure of 5 10 Pa and its stainless
steel vessel was grounded during the measurements.
Observations of the vacuum arc behavior in the magnetic
field were made using two measuring tools:
• arc photographs made at the speed 2000 frames/s;
• measurements with the shielded Langmuir probe.
The Langmuir probe [9] (Fig. 3) was shielded with a housing
made of a ferromagnetic alloy (Fe Ni Co) in order
to protect it from the direct influence of the arc and the
housing was floated during all measurements, in accordance
with experiments reported in [10]. The ferromagnetic housing
served also to protect the probe against the direct influence
of the magnetic field. The placement of the probe (Fig. 3),
Fig. 3. Diagram of the placement and electrical connection of the Lang-
muir probe inside the vacuum chamber V C (Fig. 1); Up—probe potential,
Ip—probe signal, R1, R2—resistors, and Cp—capacitor (main dimensions
in mm).
Fig. 4. Oscillograms of the arc current i and the arc voltage u before (t0=t2),
during and after (t > t2) the magnetic field action; t0—beginning of the
current half-wave, t1—time instant of contact opening, t2—switching on of
the oscillatory magnetic field (current im, Fig. 6); numbers 1–7 correspond
to the numbers of frames in Fig. 5(a) and to the time period in which they
were made.
relatively far from the direct influence of the magnetic field,
also allowed the assumption that the field action at this
point was relatively weak and that the probe measured only
the signal coming from the interelectrode space. This signal
arrived at the probe through the entrance hole of 2 mm
diameter. The probe was supplied with a stationary potential
and the probe signal was measured in the circuit shown
in the Fig. 3, and the value of the time constant
s.
III. ANALYSIS OF ARC PHOTOGRAPHS
The chosen frames of the arc photograph, made for the
current flow shown on oscillograms in the Fig. 4, are presented
in Fig. 5(a), while the anode and cathode are situated as shown
in the Fig. 5(b). In the time instant (Fig. 4) the current half-
wave was switched on by the switch (Fig. 1) and the
time instant (Fig. 4) corresponds to the moment of contact
opening in the vacuum chamber (Fig. 1). The numbers
.
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(a)
(b)
Fig. 5. (a) Chosen frames of the arc photographs made for the current oscil-
lographs in Fig. 4. The numbers 1–7 indicated in the Fig. 4 correspond to time
period when the photographs were made; (b) diagram of the contact system,
the Lorentz force (1) acting on the ions and direction of B corresponding to
the arc photographs; i
ed—sketched flow of the induced eddy current, d and
r—contact distance and radius, respectively, y—parameter of the ied—way,
assumed in the formula (3).
Fig. 6. Example of oscillograms of the current im, magnetic flux density
B, and probe current Ip. Probe potential +5 V, direction of B “+” (Fig. 7);
t1—time interval before the magnetic field action, t2, t3—time in-
tervals during the first and second half-waves of B, respectively, t2—time
instant of switching on of B, corresponding with the same time instant t2
in the Fig 4.
of the subsequent frames [Fig. 5(a)] correspond with numbers
in the time period indicated in Fig. 4. At the speed of 2000
frames/s each frame shows about 0.5 ms of the arcing time.
The frames one–three present the arcing phase before the
magnetic field action. Cathode spots (lighting points, lower
electrode) are clearly visible dispersed on the cathode surface
in the form typical for a diffuse vacuum arc structure. In
the time instant (Fig. 4 and Fig. 6) the current in the
circuit of coils (Fig. 1 and Fig. 2) was switched on
and the action of the oscillatory magnetic field began. The
oscillatory current was heavily damped (Fig. 6), so that
only the two first half waves (the positive and the negative)
were the most significant. The duration of flow was very
short in comparison with the duration of the current , so
that the magnetic field action can be treated as the action on
a direct current arc. Frame four shows the situation during
the switching-on of the magnetic field, and frames five–seven
present the arc during and after the magnetic field action. The
switching on of the magnetic field causes significant changes
in the arc picture: the cathode spots tend to concentrate, and
sequences of this process are shown in frames four–six. This
agrees with the well known [1], [3], [6] tendency for cathode
spots to concentrate along the magnetic field lines on the
cathode surface. Note that here the camera “looked” along
the magnetic field lines as shown in Figs. 2 and 5(b). Also, a
few lighting points, like small metallic drops expanding from
the arcing region (frame four), are visible during this time
period. Similar phenomena with the appearance of ejected
metallic droplets were observed in [2]. This ejection and the
luminosity of the arc were in [2] largely reduced with the
application of the magnetic field. Similar phenomena were
observed during the reported experiments, where in frames
five–seven the lighting process disappears. After the frame
seven, up to the end of the current flow (Fig. 4), no lighting
phenomena were observed between the contacts. However, the
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main current flowed (Fig. 4) without any disturbances. Arc
voltage, which increased during the magnetic field action up
to about 60–80 V, decreased slowly, quasi-proportionally to
the current flow up to the current zero. The reason for such
current and voltage behavior after the magnetic field action can
be the fact that the vacuum chamber vessel was grounded, i.e.,
directly connected with the cathode. Thus, the magnetic field
probably caused the dispersion of the arc from the cathode
to the farther elements of the chamber vessel which was at
the cathode potential. A similar observation was made during
earlier experiments [8]. This observation suggests a possibility
of using shields connected with the cathode, which could
be activated by the magnetic field in order to take over the
charge of the vacuum arc. The end of the magnetic field action
corresponds with frame seven [Figs. 4 and 5(a)].
The other observation concerns the direction of the arc dis-
placement during the magnetic field action. The exposure time
of each frame was about 0.5 ms, i.e., one half-wave of current
(Fig. 6) and of magnetic field density corresponds to one
picture. Thus frame four corresponds to the first half-wave of
current and [ in the direction shown in Fig. 5(b)],
frame five corresponds to the second half-wave of current
and [ in the opposite direction to that shown in Fig. 5(b)],
and frame six corresponds to the third half-wave of current
and ( in the direction shown in Fig. 5(b). Fig. 5(b) shows
also the vectors of ion velocity and of the Lorentz force
(1)
acting on ions in the magnetic field. Thus, the analysis of the
presented frames shows that the displacement of the emissive
regions in the arc, interpreted here as moving of ions [1],
[2], [6], corresponds to the Lorentz force. Such a tendency
was observed also in earlier works [8] with the magnetic field
proportional to the switched-off current. The phenomena in
the arc structure caused by the Hall field, reported in [1] for
a high voltage device and for higher values of and ,
were not observed in the investigations reported in the paper
presented here.
IV. PLASMA PARAMETER MEASUREMENT
USING THE LANGMUIR PROBE
The Langmuir probe is a relatively simple tool, which
usually enables an estimation of some plasma parameters in
cases where a very high level of accuracy is not required.
In the experiments reported here, the probe was used to
measure a not separated signal [2], [9], [10] coming from the
plasma produced in the interelectrode gap. The expression “not
separated signal” means here, that electrons and ions were
not separated inside of the probe housing before they reach
the probe collector. Such a separation is used for example in
retarding field analyzers, where particles could be separated
using a grid system [10], [11] or a slit in the aperture plate
of the probe housing [12]. In the experiments reported here
the only separation of particles was performed directly at the
probe, using a certain probe potential. The value of plasma
potential during the arc operation was estimated between 13
and 17 V, before experiments with the magnetic field. It was
measured during the probe calibration using the saw-tooth
probe potential changed in the range from 0–40 V, similarly to
experiments reported in [10] and [12]. In order to ensure such
probe operation the following probe potentials were applied:
• V, which is lower than the floating potential,
in order to obtain a saturated ion signal;
• V, which is higher than the plasma potential,
in order to obtain a saturated electron signal.
An example of the obtained probe signal, together with the
oscillogram of the magnetic field density , is presented in
Fig. 6. In order to evaluate the intensity of the probe signal
for a given direction of the magnetic field , the observed
period was divided into three time intervals (Fig. 6):
Just before the magnetic field application;
During the first half-wave of magnetic field, when the
direction of in Table I is indicated as “+,” according
to the sketch diagram in the Fig. 7(a);
During second half-wave of magnetic field, when the
direction of in Table I is indicated as “-,” according
to the sketch diagram in the Fig. 7(b).
For each time interval the mean value of the probe current
was calculated. The values of (Table I) were obtained
based on at least thirty measurements similar to those shown
in Fig. 6. The probe current enable a qualitative analysis of
ion and electron movement in relation to the direction of the
actual half-wave of the oscillatory magnetic field (Fig. 6), in
the arrangement sketched in Figs. 3 and 7.
V. DISCUSSION AND EVALUATION OF OBTAINED RESULTS
The retrograde movement of the vacuum arc in the magnetic
field has been reported by many authors in the literature and
“retrograde” here means the opposite direction to that of the
Amperian force [5]. The retrograde movement is thus the same
as the Lorentz force acting on ions in the vacuum arc plasma
[Figs. 5(b) and 7]. An interesting description of parameters
characterizing this phenomenon was given by Fang [4], [5] for
the ion jet model, which was elaborated both experimentally
and theoretically. These experiments were performed using
the copper cathode, arc currents 30 and 60 A, magnetic field
densities up to 0.12 T, and electrode spacing from 0.5–6 mm.
The relation between the arc velocity and the magnetic flux
density was described as the following:
(2)
where:
the charge and the mass of ions, respectively;
the average time between collisions of the ions with
the atoms, assumed in [4] as equal 5 10 s;
arc voltage, , with:
Cathode voltage drop;
A constant value;
= 110 V/T, [5];
the electrode spacing;
initial velocity of ions, assumed in [4] as equal 1.44
10 m/s; in the reported experiments here, a more ac-
.
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curate value can be assumed as –
m/s, which is the value corresponding to ion energies
40–50 V measured in [10] for higher arc currents.
The retrograde direction is indicated in (2) by the negative
sign at the beginning. One can see that the arc moves in
the retrograde direction when the initial velocity of ions
is greater than the second term in the brackets, which is
proportional to the magnetic flux density . This relation
shows that there exists a boundary value of , at which the
initial velocity of ions and the second term in the brackets
will be equal, and the direction of the arc movement changes
from the retrograde to the Amperian one. This boundary
value depends also on the electrode gap , and in [5] it was
calculated as T for the copper contacts, (with
mm, and with C,
kg, s). In the reported experiments here, this
boundary value estimated for m/s is in the
range of rather unrealistic values of the magnetic flux densities
in such devices and exceeds 10 T. This means that in these
experiments, where the amplitude of T, the arc
displacement agrees with the retrograde movement, i.e., with
the direction of the Lorentz force acting on ions [Figs. 5(b)
and 7]. This agrees with the observations of arc movement on
the photographs (Fig. 5).
Equation (2) does not give the relation between the arc
velocity and the value of the arc current. In [4] and [5] the
theoretical and experimental analysis of the arc velocity has
been carried out for arc of 30 and 60 A. However, as reported
in [4], the velocity of arc tends to increase with increasing
arc current and (2) could not be more accurate for larger
currents. The analysis of the arc photographs [Fig. 5(a), frames
four–six) shows that the velocity of the arc at the arc current
of about 400 A (Fig. 4) can be estimated from about 10–20
m/s, while the value of calculated according to (2) is only
2.1 m/s. However, for m/s, as used here in
reported experiments, the arc velocity (2) is 19.9 m/s for the
contact gap of 4 mm. This is in good agreement with obtained
results.
The other question here is an influence of eddy current
induced in the circuit anode-plasma-cathode-plasma at
increasing of , sketched with the broken line in the Fig. 5(b).
Assuming a simple model of the conducting material in the
form of rectangle corresponding with current flow in the
Fig. 5(b), the rms value of the voltage induced in this
circuit can be calculated using the following [13]:
(3)
where
filling factor, here ;
frequency of , here Hz;
dimension sketched in the Fig. 5(b); it was assumed
mm according to the contact gap and contact
dimensions;
electrode radius [Fig. 5(b)], mm;
amplitude of , T.
The value of calculated for the above parameters is 0.12 V.
The scalar electrical conductivity of the vacuum arc plasma
sustained between 25-mm diameter Cu electrodes at current of
3 kA given by Boxman [14] is 2 10 1 m. Assuming that
in the reported experiments the eddy current flowed between
contacts on the whole its surface mm in the distance
mm [Fig. 5(b)], and even neglecting the resistance of
the contact material, the obtained value of the eddy current
(4)
is equal 9.42 A. This simple calculation allows the assumption
that the influence of eddy current on the moving of the 400
A arc can be neglected. This phenomenon was not considered
also in other works [1], [4]–[7].
The qualitative analysis of results presented in Table I
shows that generally the Lorentz force acting on ions dom-
inates in the movement of both the ions and the electrons in
the transverse magnetic field. This is well indicated for both
directions of sketched in the Fig. 7.
At first we analyze the probe currents for the direction of
the first half wave of the oscillatory magnetic field indicated
as “+” [Fig. 7(a), time interval in the Fig. 6]. At the
probe potential +5 V (ion saturation mode) the ion signal was
considerably greater (84.6 A) than that without the magnetic
field (14.7 A). Also, the probe operating in the electron
saturation mode (probe potential +30 V) measured the ion
signal (33.6 A), probably because of the large ion density
at the probe according to the Lorentz force acting on ions
[Fig. 7(a)], while without the magnetic field ( ) the probe
measured a strong electron signal ( 73.6 A). Note, that in
this case the ion signal (33.6 A) is considerably smaller than
that at the probe in ion saturation mode (84.6 A); this is likely
because of reducing it by the strong electron signal coming to
the probe in the electron saturation mode. For the time interval
, when the second half wave of changed its direction to
the opposite of that for the time interval , the probe at the
potential +5 V measured the current (15.2 A), comparable
with that before the magnetic field action ( , 14.7 A).
However, the ions should be directed in the opposite direction
to that of the probe [Fig. 7(b)]. The measured relatively strong
ion signal can be the consequence of existing electron signal
directed by the Lorentz force to the probe in this situation.
This means that the movement of ions and the movement of
electrons in the arc plasma under the magnetic field are not
independent and interact with each other. However, the above
values of the probe current show that the movement of ions
seems to dominate the plasma motion under the test conditions.
A similar relation can be observed for the time interval
at the probe potential +30 V, where the electron signal was
measured ( 27.5 A) but much smaller than that without the
magnetic field ( , 73.6 A), despite that the electrons
should be directed to the probe and electron signal in
should be greater than that in . This is probably because
of the reduction of the electron signal by the considerable ion
signal in the opposite direction, as sketched in the Fig. 7(b).
Next, we analyze results in the direction of the first half-
wave of indicated as “ ” [Fig. 7(b), time interval in
the Fig. 6]. At the probe potential +5 V (ion saturation current)
the probe measured a significant ion signal (38.6 A) in spite
of the Lorentz force for ions sketched in the Fig. 7(b). This is
.
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TABLE I
MEAN VALUES OF THE PROBE CURRENT Ip MEASURED IN THE CIRCUIT SHOWN IN FIG. 3 FOR BOTH DIRECTIONS D OF THE FIRST HALF-WAVE OF THE OSCILLATORY
MAGNETIC FIELD: “+” [FIG. 7(a)] AND “ ” [FIG. 7(b)]; Up—PROBE POTENTIAL, t1, t2, AND t3—TIME INTERVALS EXPLAINED IN THE TEXT AND IN FIG. 6
(a)
(b)
Fig. 7. Diagram of the contact system, placement of the Langmuir probe and
directions of the Lorentz forces (1) acting on the ions (Fi) and the electrons
(Fe) for the direction of B indicated in Table I as “+” [Fig. 7(a)] for the
first half-wave of B (t2, Fig. 6), and as “ ” [Fig. 7(b)] for the reverse
half-wave of B (t3, Fig. 6).
probably because of the strong electron signal directed to the
probe which forces ions to follow it. A similar observation is
made for the probe potential +30 V (electron saturation mode),
where the ion signal, probably caused by the movement of
electrons to the probe, is present also. In the time interval
, when the next half-wave of changes its sign, the
dominant role of the Lorentz force acting on ions can be
observed again. For the probe potential +5 V the ion current
(22.9 A) was greater than that without the magnetic field
(15.8 A), according to the sketch in the Fig. 7(a). For the
probe potential +30 V the probe measured electron signal again
( 15.5 A), but not as great as that without magnetic field
( 51.9 A), probably because of the ion current directed to
the probe [Fig. 7(a)] which considerably reduced the electron
signal.
Of course, the above interpretation of results presented in
Table I is a very rough analysis which does not take into
account the cyclotron movement of particles in the field,
which can be the cause of a certain inaccuracy. Electrons
leaving the interelectrode space, because of their small cy-
clotron radius are trapped by the magnetic field and in effect
are forced to move along the -field lines. However, in spite
of this a portion of electrons reached the probe, which is
shown in the time interval , where the electron signal was
measured. This suggests that only a portion of electrons was
trapped by the field. It seems that detailed analysis of the
obtained results is not simple and needs further measurements
directed on the accuracy of Langmuir probe characteristic in
such conditions. The interpretation of results presented in this
paper is limited to a qualitative comparison which enables one
to observe some relations as a first step in the use of such a
probe in the oscillatory magnetic field. Because of this, as
mentioned above, a relatively simple measuring arrangement
without grid separation was chosen [10]–[12] in order to omit
additional difficulties like coincidence of the Debye length
with the separation efficiency. Thus, one should bear this is
mind when interpreting the results presented in Table I, which
show that the movement of ions according to the Lorentz force
(1) is the dominant influence on the movement of the arc
plasma in the magnetic field under the test conditions. This
movement is in accordance with the retrograde motion of the
arc reported in [4] and [5]. Furthermore, the movement of ions
and electrons in the plasma influence each other according to
the principle of plasma neutrality.
VI. CONCLUSIONS
1) The Lorentz force acting on ions dominates the plasma
displacement in a pulsed transverse magnetic field under
the conditions of the tests. The plasma displacement is
in accordance with the retrograde motion of the arc.
Electrons and ions in the plasma under influence of the
transverse magnetic field, despite the opposite forces
acting on both of them, form a quasi-uniform space
structure and the movement of ions and electrons in the
plasma influence each other significantly according to
the principle of plasma neutrality.
2) Disturbances of the arc by the pulsed transverse mag-
netic field do not produce any observed changes in the
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arc current. However, the pulsed magnetic field causes
a certain dispersion of the arc plasma to other elements
of vacuum chamber connected to the cathode. This
observation could be used in practice to force the current
interruption in vacuum.
REFERENCES
[1] P. R. Emtage, C. W. Kimblin, J. G. Gorman, F. A. Holmes, J. V. R.
Heberlein, R. E. Voshall, P. G. Slade, “Interaction between vacuum arcs
and transverse magnetic fields with application to current limitation,”
IEEE Trans. Plasma Sci., vol. PS-8, pp. 314–319, Dec. 1980.
[2] J. L. Meunier and M. G. Drouet, “Bouncing expansion of the arc-cathode
plasma in vacuum along the transverse applied B field,” IEEE Trans.
Plasma Sci., vol. PS-11, pp. 165–168, Dec. 1983.
[3] M. G. Drouet, “The physics of the retrograde motion of the electric arc,”
in Proc. 11th ISDEIV, Berlin, Germany, 1984, vol. 1, pp. 107–114.
[4] D. Y. Fang, “Cathode spots velocity of vacuum arcs,” J. Phys. D, Appl.
Phys., vol. 15, pp. 833–844, 1982.
[5] , “Arc velocity as a function of the transverse magnetic field,” in
Proc. 11th ISDEIV, Berlin, Germany, vol. 1, pp. 187–190, 1984.
[6] P. Uphoff, “Research of phenomenal forms of vacuum arcs under
the influence of magnetic fields” (in German), Ph.D. dissertation, TU
Braunschweig, Germany, 1988.
[7] M. Lindmayer and P. Uphoff, “Influence of magnetic fields on a diffuse
vacuum arc” (in German), ETZ, vol. 111, no. 1, pp. 14–19, 1990.
[8] A. Klajn, “Experimental study of the switching arc behavior in a
transverse magnetic field in vacuum,” in Proc. 17th ISDEIV, Berkeley,
CA, 1996, pp. 286–290.
[9] W. Lochte-Holtgreven, Plasma Diagnostics. Amsterdam, The Nether-
lands: North-Holland Publ., 1968.
[10] M. Lindmayer, C. Rusteberg, and A. Klajn, “Measurement of the plasma
parameters of high current arcs in vacuum,” in 7th Int. Conf. Switching
Arc Phenomena, Lodz, Poland, Sept. 1993, pp. 326–331.
[11] V. A. Ivanov, M. Konyshev, S. Anders, B. Ju¨ttner, H. Pursch, and D.
Su¨nder, “On the energy of electrons and ions of a pulsed metal vapor
arc in vacuum,” GDR Academy of Sci, Central Inst. for Electron Phys.,
Rep. Preprint 90-4, May 1990.
[12] R. A. Pitts, “Ion energy, sheath potential and secondary electron emis-
sion in the tokamak edge,” Ph.D. dissertation, University of London,
U.K., Nov. 1990.
[13] R. Kurdziel, “Fundamentals of Electotechnics” in WNT (in Polish).
Warszawa, Poland: Sci. Techn. Pub., 1972.
[14] R. L. Boxman, “Magnetic constriction effects in high-current vacuum
arcs prior to release of anode vapor,” J. Appl. Physics, vol. 48, no. 6,
pp. 2338–2345, June 1977.
Antoni Klajn was born in Rudniki, Poland, on
November 20, 1952. He received the M.Sc. and
Ph.D. degrees in electrical engineering from the
Wroclaw University of Technology, Poland, in 1977
and 1980, respectively.
Since 1980, he has been with the Wroclaw Uni-
versity of Technology, where he was a Research
Assistant and is now a Lecturer in the Institute
of Electrical Engineering. His research interest in-
cludes phenomena in the vacuum switching arc,
particularly its application to force a current inter-
ruption in vacuum. From 1992–1993, he was a Visiting Researcher at the
Technical University of Braunschweig, Germany, where he participated in
investigation of plasma parameters of high-current arcs in vacuum.
Dr. Klajn is a member of the Polish Society of Electrical Engineers.
